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APPARATUS FOR PAGE MODE PROGRAMMING
OF AN EEPROM CELL ARRAY WITH FALSE

LOADING PROTECTION

This 1s a continuation of co-pending application(s)
Ser. No. 269,197 filed on Nov. 9, 1988, now abandoned
which is a continuation of Ser. No. 868,114, filed May
27, 1986, now U.S. Pat. No. 4,785,424.

FIELD OF THE INVENTION

The present invention relates to semiconductor mem-
ories and 1s more particularly directed to an apparatus
for page mode programming of an EEPROM Cell
Array with false loading protection.

BACKGROUND OF THE INVENTION

The use of EEPROM Semiconductor memories has
grown considerably in recent years. A typical EE-
PROM memory device contains a two-dimensional
array of memory cells. Each cell 1s associated with one
bit of memory. The number of cells in a typical array is
a function of the size of the array. Thus, in a 256K bit
memory, there will typically be 512 columns of cells,
each column in turn containing 512 cells. That is, there
will be 512 columns and 512 rows of cells.

Each cell in a memory array comprises a place where
information can be stored. By causing a memory cell to
conduct or not conduct when it 1s tested for conduction
during a read mode, the bit of memory associated with
that cell can be caused to contain a *“0” or ““1” in binary
code. The conditions in the cell which determine
whether the cell will conduct or not conduct during the
read mode are set during a write mode. The process in
which these conditions are set is often called “writing
to” the cell. The process of determining what binary
code 1s stored in the cell, carned on during the read
mode, 1s often called “reading from™ the cell.

Writing to, and reading from, the memory cells is
accomplished by changing the inputs to various transis-
tors within the cell at various times. Each column of
memory cells 1n an array of cells has associated with it
a bit line, which bit line 1s connected to each cell in the
column. Likewise, each row of memory cells in an
EEPROM memory cell array has associated with it a
word line, which word line is connected to each cell in
the row. Thus, any particular cell in the array can be
identified by referring to the word line that is associated
with the row in which that cell i1s located and the bit line
associated with the column in which that cell is located.
Since the array is two-dimensional, each such selection
will refer to a unigue cell.

In order to place data to be stored into a memory cell
onto the appropriate bit line, each bit line has data input
means associated with it. In the conventional array,
these data input means are associated in groups of eight,
eight bits comprising a byte. In practice, the data input
means into the various bit lines are operatively con-
nected to data input buffers, which route incoming data
into the appropriate bit line within the appropriate byte
and into the appropriate cell on the appropriate word
line.

In order to read the memory cell, each bit line is
operatively connected to a sense amplifier. The sense
amplifier detects the flow or non-flow of current in the
bit line when a semiconductor memory cell is read. It
then produces and transmits a signal to an output buffer,
the signal’s amplitude depending upon whether current
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1s detected or not detected when the cell is read. The
output buffer is operatively connected to an input/out-
put pin “I/0O pin”) which transmits the data from the
multitude of cells in a semiconductor memory array.

In the conventional method of loading data into a
semiconductor memory array, data is loaded a byte at a
time. This method of writing data is called byte mode
programming. In byte mode programming, the byte to
be loaded is addressed, data to be loaded into the se-
lected byte 1s loaded into the data-in buffer, the particu-
lar byte that has been selected i1s cleared, and the se-
lected cells within the byte are written to according to
the data in the data-in buffer. It can be seen that being
Iimited to writing one byte at a time then means that it
takes a considerable amount of time to write an entire
256K bit memory array.

It 1s desired to build an apparatus that is capable of
programming an entire row in a memory array at one
time. It is desired to build an apparatus by which the
information stored at any particular bit in a memory
array row can be changed without changing the infor-
mation stored in the other bits in the memory array row.

The word line-associated with any particular memory
array row 1s called a “page boundary,” and any cell
within the row associated with that page boundary is
“within the page boundary.” It is desired to be able to
write to any or all cells within a particular page bound-
ary 1n one write period. This is called page mode pro-
gramming, since an entire page may be written at once.
It can be seen to one skilled in the art that since there
are, in a 256K bit memory array, only 512 pages as
opposed to 4,096 bytes, then page mode programming
can be much faster than byte mode programming.

In page mode programming, a temporary storage
means, usually a flip-flop, is associated with each bit line
in the memory array. In loading, data to be loaded to a
cell located on a particular bit line is transmitted to the
appropriate bit line through the y-pass device associated
with that bit line. The data to be loaded is then stored in
the flip-flop associated with that particular bit line. All
cells to be loaded within the particular page boundary
are then cleared, and the entire page associlated with a
particular word line is written. This is repeated for
different pages as many times as desired in any order
desired until all of the cells in which new information is
desired to be stored have been programmed with the
desired information.

The use of the flip-flop associated with the memory
array bit line, however, creates a problem. Because of
inherent capacitance on each bit line in a memory array,
after the read mode charge can get trapped on the bit
line of an “unselected cell.” An unselected cell being a
cell into which 1t 1s not desired to load new data. If a
write mode then follows the read mode, the trapped
charge on the bit line can be felt at the flip-flop input
during loading (at the beginning sequence of the write
mode), thus causing the flip-flop output to go high, even
though 1t was desired that the flip-flop output go low.
Then, during the completion of the write mode, the
memory cell may be written as if the memory cell were
supposed to store a binary “0” (which corresponds to a
high flip-flip output), when it actually was desired to
store a binary “1” in the memory cell (corresponding to
a low flip-flop output).

SUMMARY OF THE INVENTION

The present invention provides a solution to this
problem, whereby charge that 1s trapped on a bit line
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during the read mode, and thereby would cause the
associated flip-flop output to go high, can be drained off
the bit line during the loading sequence of the page
mode if no cell associated with that bit line 1s selected to
be written.

It 1s desired to build an apparatus for page mode
programming for a semiconductor memory array.

It 1s further desired to build an apparatus for prevent-
ing the false loading of a memory cell during page mode
programming.

It 1s yet another object of the present invention to
provide an apparatus for programming an EEPROM
memory cell that 1s fast and accurate.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE shows a schematic diagram of a por-
tion of an EEPROM memory array and associated

circuitry comprising the preferred embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

This discussion describes a presently preferred em-
bodiment of the invention. It will be understood to one
skilled in the art that other embodiments of the present
invention are also possible. This description will first
describe the environment in which the preferred em-
bodiment of the present invention operates.

Referring to the FIGURE, there 1s shown temporary
storage means in the form of flip-flop storage means 30,
means for preventing false loading 60, and floating gate
EEPROM memory cell storage means 90. Bit line 100
runs the length of a column of memory cells in the
semiconductor memory array. Bit line 100 is connected
to the source of first MOSFET (“Metal Oxide Semicon-
ductor Field Effect Transistor’) 110. First MOSFET
110 1s also known as the “Y-pass device.” The gate of
first MOSFET 110 is connected to Y input 115, as
discussed below. YN input 115 is operatively connected
to the output from the Y-decoder. The operation and
function of first MOSFET 110 is discussed in greater
detail below. First MOSFET 110 is an enhancement
device. The drain of first MOSFET 110 is connected to
sense amplifier 120. The drain of first MOSFET 110 is
further connected to the source of second MOSFET
130 and to the drain of third MOSFET 140. Second
MOSFET 130 and third MOSFET 140 are enhance-
ment type devices. The drain of second MOSFET 130
1s connected to Ve 150. The gate of second MOSFET
130 is connected to DATA compliment input 160. The
source of third MOSFET 140 is connected to ground
170 while the gate of third MOSFET 140 is connected
to DATA input 180. Thus, second MOSFET 130 and
third MOSFET 140 comprise a means for impressing
information onto bit line 100 to be stored in EEPROM
memory ceil means 90.

As 1s well known in the art, sense amplifier 120 is
operatively connected to the drain of first MOSFET
110. Sense amplifier 120 is further connected to sense
amplifier output 190. Sense amplifier output 190 is con-
nected to an output buffer (not shown), as is well known
in the art, which output buffer is used for detecting the
output of the sense amplifier and thereby for further
“determining whether a particular hit is coded with a
binary logical *“1” or a binary logical *0”. Sense ampli-
fier 120 can be any sense amplifier, as is well known in
the art. Sense amplifier 120, in operation, detects
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whether or not current is flowing in bit line 100 during
the read mode, as discussed below.

Parasitic capacitance shown by capacitor 200 con-
nected to bit line 100 through dashed lines and to
ground 170 through dashed lines exists between bit line
100 and ground 170.

Bit line 100 is connected to flip-flop means 30 through
fourth MOSFET 210. The gate of fourth MOSFET 210
1s connected to input Lp 220. Fourth MOSFET 210 is
an enhancement type device.

Bit line 100 is further operatively connected to high
voltage V pp 230 through fifth MOSFET 240 and sixth
MOSFET 250. High voltage Vpp 230 is supplied by a
high voltage source, as ts well known in the art. Such
high voltage source may, for example, be a charge
pump or other equivalent high voltage source. Fifth
MOSFET 240 and sixth MOSFET 250 are enhance-
ment type devices. The gate of fifth MOSFET 240 is
connected to flip-flop means 30. The gate of sixth MOS-
FET 250 1s connected to Ojpnput 260. Bit line 100 is
connected to the source of fifth MOSFET 240. The
drain of fifth MOSFET 240 is connected to the source
of sixth MOSFET 250. The drain of sixth MOSFET
250 1s connected to high voltage V pp 230.

Bit Iine 100 is further connected to false loading pro-
tection means 60 and EEPROM memory cell means 90.
Each bit line 100 is connected to a separate false loading
protection means 60 and a separate flip-flop means 30.
Although not shown in the FIGURE, there 1s an EE-
PROM memory cell means 90 connected to bit line 100
for each word line in the EEPROM memory cell array.
Hence, 1n a 256K bit memory array, which contains a
512 by 512 array of memory cells, there are 512 EE-
PROM memory cells 90 connected to bit line 100.

The FIGURE shows temporary storage means in the
form of flip-flop means 30. While flip-flop means 30 is
used in the presently preferred embodiment, it would be
obvious to one skilled in the art that other equivalent
temporary storage means may be used. For example,
latches similar to flip-flop means 30 may be used.

In the presently preferred embodiment, flip-flop
means 30 is located outside of the EEPROM memory
cell array. Flip-flop means 30 is connected to bit line
100 through fourth MOSFET 210. Flip-flop means 30 is
also connected to charge pump means 270. Charge
pump means 270 may, for example, be the charge pump
disclosed in the U.S. Pat. No. 4,511,811, or any equiva-
lent charge pump. Charge pump means 270 is also con-
nected to the gate of fiith MOSFET 240. Flip-flop
means 30 may comprise first inverier 280, second in-
verter 290, and seventh MOSFET 300. Seventh MOS-
FET 300 1s a depletion type device. Both the gate and
source of seventh MOSFET 300 are connected to hit
line 100 through fourth MOSFET 210. The gate and
source of seventh MOSFET 300 are further connected
to the mput of first inverter 280. The output of first
inverter 280 is connected to the input of second inverter
290. The output of second inverter 290 is connected to
the drain of seventh MOSFET 300 and to charge pump
means 270. The output of second inverter 290, the drain
of seventh MOSFET 300, and charge pump 270 are all
connected to the gate of fifth MOSFET 240. Other
equivalent flip-flop means, as are well known in the art,
may also be used.

EEPROM memory cell means 90 may comprise
tenth MOSFET 360 and floating gate memory device
390. The drain of tenth MOSFET 360 is connected to
bit line 100. The source of tenth MOSFET 360 is con-
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nected to the drain of floating gate memory device 390.
The source of floating gate memory device 390 is con-
nected to ARRAY Vgss 330. The gate of tenth MOS-
FET 360 1s connected to WORD LINE 400. The gate
of floating gate memory device 390 is connected to the
source of eleventh MOSFET 370. The drain of eleventh
MOSFET 370 is connected to the source of tweifth
MOSFET 380. The drain of twelfth MOSFET 380 is
connected to SEL line 410. The gate of eleventh MOS-
FET 370 1s connected to WORD LINE 400. The gate
~ of twelfth MOSFET 380 is connected to Y xinput 420.
Tenth MOSFET 360 is an enhancement type device.
Eleventh MOSFET 370 and twelfth MOSFET 380 are

depletion type devices. floating gate memory device
390 may -be a tunnel-dielectric floating gate memory
device as that disclosed in “A 64Kb CMOS EEPROM
with On-Chip ECC,” by Mehrotra, et al., 1984 IEEE
International Solid-State Circuits Conference DIGEST
OF TECHNICAL PAPERS (1984), pages 14243 &
328, or an equivalent floating gate memory device as is
well known in the art.

Having discussed the environment in which the pre-
ferred embodiment of the present invention operates,
the presently preferred embodiment of the invention is
now described. False loading protection means 60 is
connected to bit line 100. False loading protection
means 60 may comprise eighth MOSFET 310 and ninth
MOSFET 320. Eighth MOSFET 310 and ninth MOS-
FET 320 are both enhancement type devices. The drain
of etqghth MOSFET 310 is connected to bit line 100. The
source of eighth MOSFET 310 is connected to the drain
of ninth MOSFET 320. The source of ninth MOSFET
320 1s connected to ARRAY Vgs 330. The gate of
etighth MOSFET 310 is connected to LD input 220.
The gate of ninth MOSFET 320 is connected to Yz N
compliment input 350.

There 1s one Y7y input 420 and one Yz compliment
input 350 for each byte in the memory array. Y yinput
420 1s the output of the byte-latch. Y. input 420 goes
high when the byte to which it corresponds is selected
for page mode programming. That is, Yz input 420
goes high when the byte corresponding to the particu-
lar Y decoder output Y input 115, goes high during
page mode loading. Y input 420 then stays high dur-
ing the remainder of the page mode programming cy-
cle. After page mode programming is completed, Yin
input 420 goes low and remains low until the byte is
once again selected for page mode programming. Yzn
input 420 is used because Y, input 115 only remains
high during the loading sequence, when the byte corre-
sponding to Yy input 115 is selected for loading. Yz n
input 350 is the compliment of Yz 420.

LD mput 220 goes high during the loading sequence,
thereby indicating that the loading sequence is occur-
ring. hence, if a particular byte on the page being loaded
1s not selected for loading, then Y input 420 corre-
sponding to that particular unselected byte remains low
during the entire loading sequence. Since Yz yinput 350
is the compliment of Yz input 420, then if a byte on the
page being loaded is not selected for loading, during the
loading sequence (Y £ ) input 350 is high. Thus, a means
is disclosed for determining when no EEPROM mem-
ory cell means on the bit lines comprising a particular
‘byte are selected for loading, namely if both LD input
220 and (Y n) input 350 are high, then no EEPROM
memory cell means have been selected for loading on
the particular bit lines 100 comprising the particular
unselected byte.
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Operation of the Preferred Embodiment

This discussion looks first at the environment in
which the presently preferred embodiment of the pres-
ent invention operates. Then the false loading problem
arising in that environment is discussed. Finally, the

“discussion focuses on the operation of the preferred

embodiment of the present invention.
1. Writing “1”
Assume it 1s desired to store a binary logical high, or

“1” iIn EEPROM memory cell means 90. By conven-
tion, when a logical “1” is stored in EEPROM memory
cell means 90, negative charge has been placed on the
floating gate of floating gate memory device 390 and
floating gate memory device 390 therefore will not
conduct when 1t is selected to be read. Likewise, by
convention, when it is desired to place a binary logical
low or “0” in EEPROM memory cell means 90, floating
gate memory device 390 has positive charge stored on
its floating gate and therefore floating gate memory
device 390 will conduct when it is selected to be read, as
discussed below.

In order to program EEPROM memory cell means
90, a three step writing sequence is undertaken load,
clear, and write.

First, when it 1s desired to program one of the EE-
PROM memory cells operatively connected to bit line
100 with a logical 1, a logic *“a” is loaded into flip flop
30 during a loading cycle, DATA input 180 goes high
and (DATA) input 160 goes low. Since DATA input
180 1s connected to the gate of third MOSFET 140,
when DATA input 180 goes high third MOSFET 140
conducts and the drain of first MOSFET 110 is con-
nected to ground through third MOSFET 140. Like-
wise, since DATA compliment input 160 is connected
to the gate of second MOSFET 130, when DATA
compliment input 160 goes low, second MOSFET 130
does not conduct and the drain of first MOSFET 110 is
not connected to Ve 150 through second MOSFET
130. Meanwhile, Y »input 115 goes high, thus allowing
first MOSFET 110 to conduct. Also LD input 220 goes
high allowing fourth MOSFET 210 to conduct. Thus,
the input of first inverter 280 is connected to ground
through fourth MOSFET 210, first MOSFET 110, and
third MOSFET 140. This causes the output of first
inverter 280 to go high, since ground is a logical low.
This puts a high signal at the input of second inverter
290, which causes the output of second inverter 290 to
o low. Since the gate and source of seventh MOSFET
300 are connected together, this low at the output of
second 1nverter 290 is conducted through seventh
MOSFET 300 to the input of first inverter 280. In this
manner, a logic low is loaded into flip-flop means 30,
corresponding to the logical high it is desired to pro-
gram into in EEPROM memory cell means 90. By the
end of the loading sequence, Y yinput 115 and L pinput
220 are both low, causing first MOSFET 110 and fourth
MOSFET 210 to no longer conduct. Thus, second
MOSFET 130 and third MOSFET 140, and flip-flop
means 30 are 1solated from bit line 100.

During the clear sequence, WORD LINE 400, Y;
input 420, and SEL line 410 are all at high voltage V pp.
WORD LINE 400 thereby holds the gate of tenth
MOSFET 360 at high voit causing tenth MOSFET 360
to conduct. Y. input 420 holds the gate of twelfth
MOSFET 380 at high voltage Vpp, which therefore

conducts since it is a depletion device and .its drain is
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held at high voltage Vpp appearing on line SEL 410.

This puts high voltage Vpp on the drain of eleventh
MOSFET 370 which also conducts since it is a deple-
tion device and its gate is held at high voltage V pp by
WORD LINE 400. Thus, high voltage V ppis applied to
the gate of floating gate memory device 390. Since
ARRAY Vgs 1s at approximately 0 volts during the
clear sequence, this puts a strong positive voltage differ-
ence between the gate and source of floating gate mem-
ory device 390. This strong positive voltage on the gate
of floating gate memory device 390, as compared to the
source of the device, causes electrons to be attracted
through the thin dielectric and onto the floating gate of

floating gate memory device 390. Thus, during the clear
sequence, negative charge is placed on the floating gate

of floating gate memory device 390 and floating gate
memory device 390 has a logic one written nto it.
During the write sequence, 07p input 260 goes high
and sixth MOSFET 250 therefore conducts. However,
since the output of second tnverter 290 1s low, the gate
of fifth MOSFET 240 is low and therefore fifth MOS-
FET 240 will not conduct. Thus, bit line 100 1s still
isolated from high voltage Vpp line 230. The WORD
LINE 400 for the page being written is at high voltage
V pp. Therefore, since WORD LINE 400 is connected
to the gate of tenth MOSFET 360, tenth MOSFET 360
conducts. SEL line 410 1s at 0 volts and Y. input 420
1s at high voltage V pp. Since twelfth MOSFET 380 is a
depletion device, 1t conducts putting 0 volts on the
drain of eleventh MOSFET 370. Eleventh MOSFET
370 conducts since WORD LINE 400 holds the gate of
eleventh MOSFET 370 at high voltage V pp. Therefore,
the gate of floating gate memory device 390 is at 0 volts.
ARRAY V5330 1s at a voltage approximately equal to
(Vce—1) volts during the write sequence. This voltage
difference between the source of floating gate memory
device 390 and the gate of floating gate memory device
390 1s not sufficient to drive the charge that has been
stored on the floating gate of floating gate memory
device 390 during the clear sequence out of the floating
gate. THus a *“1” remains stored in floating gate memory

device 390.
2. Writing a *0”

When writing a binary logical low, or “0” into EE-
PROM memory cell means 990, approximately 0 volts i1s
placed on DATA input 180 and V¢ (logic high) 1s
placed on (DATA) input 160. Thus the gate of third
MOSFET 140 1s placed at approximately O volts and
the gate of second MOSFET 130 1s placed at Vcc.
Therefore, third MOSFET 140 does not conduct and
second MOSFET 130 does conduct. In this manner the
drain of first MOSFET 110 is connected to V150 and
is isolated from ground 170.

Meanwhile, Y input 115 goes high, to V. Thus,
first MOSFET 110 conducts and Vcc 150 1s connected
to bit line 100. Also, LD input 220 goes high, which
brings the gate of fourth MOSFET 210 high, which
.causes fourth MOSFET 210 to conduct, thereby plac-
ing the input of first inverter 280 in electrical contact
with bit line 100. This further places the input of first
inverter 280 in electrical contact with V. 150 through
first MOSFET 110 and second MOSFET 130. In this
manner, the input of first inverter 280 is brought high.

Since the input of first inverter 280 i1s high, the output
of first inverter 280 is low. Therefore the input of sec-
ond inverter 290 1s low and the output of second in-
verter 290 1s high. Since depletion device seventh MOS-
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FET 300 is connected in the circuit in such a manner as
to conduct under these conditions, the high output of
second inverter 290 is electrically connected through
seventh MOSFET 300 to the input of first inverter 280.
Therefore, a logic *“1” is loaded into flip-flop means 30.

In the end of the loading sequence, as above, Y yinput
115 goes low thereby cutting off first MOSFET 110 and
1solating bit line 100 from the source of second MOS-
FET 130 and the drain of third MOSFET 140. Like-
wise, Lp input 220 goes low thereby cutting off fourth
MOSFET 210 and isolating bit line 100 from flip-flop
means 30.

The clear sequence is undertaken as discussed above
with respect to writing a *“1”, resulting in the storage of
electrons on the floating gate of floating gate memory
device 390.

During the write sequence, Oyp input 260 goes high
thereby placing a high logic level on the gate of sixth
MOSFET 250 and biasing sixth MOSFET 250 to con-
duct. Now, since the gate of fifth MOSFET 240 1s held
high by the output of second inverter 290 and charge
pump means 270, {fifth MOSFET 240 1s biased to con-
duct. Therefore, high voltage V ppline 230 is connected
electrically through sixth MOSFET 250 and fifth MOS-
FET 240 to bit line 100.

WORD LINE 400 is at high voltage V ppat this time.
Thus the gate of tenth MOSFET 360 1s at high voltage
Vpp, and tenth MOSFET 360 conducts placing the
drain of floating gate memory device 390 in electrical -
connection with bit line 100. In this manner, high volt-
age V pp 230 is connected to the area under the tunnel
dielectric of floating gate memory device 390. Y xn
input 420 is at high voltage V pp, thus putting the gate of
twelfth MOSFET 380 at high voltage Vpp. SEL line
410 is low thus putting the drain of twelfth MOSFET
380 at approximately 0 volts. Therefore twelfth MOS-
FET 380 conducts and a logic low is placed on the drain
of eleventh MOSFET 370. Since the gate of eleventh
MOSFET 370 1s held high by WORD LINE 400, elev-
enth MOSFET 370 conducts, thus placing a logic low
at the gate of floating gate memory device 390.

In this condition, there is approximately 0 volts on
the gate of floating gate memory device 390 and high
voltage Vpp on the drain of floating gate memory de-
vice 390. Furthermore, there 1s negative charge stored
on the floating gate of floating gate memory device 390.
Because of the strong positive voltage on the drain as
compared to the gate of floating gate memory device
390, the electrons stored on the tloating gate are at-
tracted to the drain and they are thereby pulled through
the thin dielectric onto the drain of floating gate mem-
ory device 390, thereby removing the negative charge
from, and placing positive charge onto, the floating
gate. In this manner, a “0” is stored in EEPROM mem-
ory cell means 90.

Thus, the environment in which the preferred em-
bodiment of the present invention operates has been
discussed. Next, the discussion turns to the false loading
problem that arises in this environment.

3. The Read Mode and the False Loading Problem

During the read mode, LD input 220 is low, thereby
causing fourth MOSFET 210 to not conduct and thus
isolating flip-flop means 30 from bit line 100. If one of
the bits on bit line 100 is selected to be read, then Yy
input 115 goes high, and therefore first MOSFET 110 1s
allowed to conduct, electrically connecting sense am-
plifier 120 to bit line 100. Meanwhile, bit line 100 is
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placed at approximately 2 volts if a logic one has been
read out of memory cell means 30.

When it 1s desired to “read” EEPROM memory cell
means 90, word line 400 goes high, thereby allowing
tenth MOSFET 360 to conduct. If a logic “1” has been
programmed into EEPROM memory cell 90, then neg-
ative charge 1s stored on the floating gate of floating
gate memory device 390. Therefore, floating gate mem-
ory device 390 will not conduct current the voltage on
bit line 100 will be approximately 2 volts, and sense
amplifier 120 does not detect a current flow through bit
line 100 and EEPROM memory cell means 90. Sense
amplifier 120 transmits through output 190 a signal
corresponding to the existence of a logic “1” stored in
EEPROM memory cell means 90.

If, however, EEPROM memory cell means 90 has a
“0” stored, then there will be positive charge stored on
the floating gate of floating gate memory device 390.
Thus, floating gate memory device 390 will conduct
and current will, flow through it during the read opera-
tion, since bit line 100 will therefore be at approximately
zero volts since it 1s connected to ARRAY Vs 330
through tenth MOSFET 360 and floating gate memory
device 390. Sense amplifier 120 will therefore detect
current flow in bit line 100 and transmit through output
190 an appropriate signal indicating the storage of a
logic “0” in EEPROM memory cell means 90.

Now, as discussed above, during the read operation
bit line 100 is placed at approximately 2 volts if a logic
one has been read. Since parasitic capacitor 200 exists
between bit line 100 and ground 170, after the read
mode bit line 100 it remains charged to approximately
1.8 to 2.0 volts. Then, if a write cycle follows a read
cycle, and if EEPROM memory cell means 90 1s not
selected for loading while one or more other EEPROM

memory cells on the same page are selected for loading,

and further, if EEPROM memory cell means 90 con-
tains a binary logical “1” stored in it, then it is possible
during the following write cycle that EEPROM mem-
ory cell means 90 will be falsely loaded with a binary
logical “0.

For the time being, ignoring the existence of false
loading protection means 60, Yy 1nput 115 remains low
during the loading sequence assuming no EEPROM
memory cell 90 on bit line 100 1s selected for loading.
Therefore, first MOSFET 110 does not conduct and bit
line 100 1s not electrically connected to sense amplifier
120, second MOSFET 130, or third MOSFET 140. The
approxmmately 2 volts remains trapped on bit line 100
because of parasitic capacitor 200.

If flip-flop means 30 is storing a logical low, then it
can be madvertently flipped to store a logical high be-
cause of the voltage trapped on capacitor 200. During
the load sequence, LD input 220 goes high, causing
fourth MOSFET 210 to conduct. The approximately 2
volts trapped on bit line 100 by parasitic capacitor 200
thereby appears at the input of first inverter 280. Since
depletion device seventh MOSFET 300 is a very weak
conducting device, the trapped voltage appears on the
input of first inverter 280, and is not brought down to a
lower voltage by the low output of second inverter 290.
Thus, the output of first inverter 280 goes low causing
the input of second inverter 290 to be low, thereby
causing the output of second inverter 290 to go high. In
this manner, flip-flop means 30 is caused to load a false
high corresponding to a false binary logical *“0” to be
stored in one of the EEPROM memory cell means 90
on bit line 100.
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During the clear sequence, LD input 220 1s low, and
therefore flip-flop means 30 is isolated from bit line 100.
Thus the clear sequence does not affect flip-flop means
30. .

During the write sequence, essentially the same
events as described above with respect to writing a *“1”
occur. In the present case, however, flip-flop means 30
1s storing a high output, instead of the low output it
should be storing. Thus, it falsely appears that it was
intended to program a binary logical “0” into EE-
PROM memory cell means 90 (corresponding to a high
output in flip-flip means 30) during the write sequence.
In fact, since flip-flop means 30 has a high output, a
logical 0 1s programmed into EEPROM memory cell

means 90 as discussed above with respect to writing a
iiO!'!‘

4. The Operation of the False Loading Prevention
Means

Having discussed the environment in which the pres-
ent invention operates, and the false loading problem,
this discussion now turns to the operation of the pre-
ferred embodiment of the present invention. It would be
apparent to one skilled in the art that although the pres-
ent preferred embodiment of the present invention is
described herein, other embodiments of the present
invention are also possible.

In order to prevent the false loading of erroneous
information described above, false loading prevention
means 60 1s employed. Again, if a write cycle follows a
read cycle in which charge-has become trapped by
capacitor 200, and if the output of flip-flop means 30 is
low, then when the load sequence begins and none of
the EEPROM memory cell means connected to bit line -
100 are selected for programming, the Yy input 115
remains low and sense amplifier 120, second MOSFET
130, and third MOSFET 140 are isolated by first MOS-
FET 110 from the charge trapped on bit line 100. Also,

- LD input 220 goes high causing fourth MOSFET 210 to

conduct, thereby electrically connecting flip-flop means
30 with bit line 100.

Again, the voltage trapped on bit line 100 by capaci-
tor 200 1s felt at the input of first inverter 280 and at the
gate and source of seventh MOSFET 300. However,
according to the present invention, a mechanism is pro-
vided that operates to discharge during the load se-
quence any voltage that remains on the bit line after a
read cycle, if no cell on the bit line has been selected for
programming. Thus, false loading prevention means 60
operates to prevent a “1” from being falsely loaded into
flip-flop means 30.

When Y input 115 remains low because none of the
EEPROM memory cell means connected to bit line 100
have been selected, (Y ) input 350, which is the com-
pliment of Y input 420, remains high. Thus, the gate
of ninth MOSFE'T 320 1s held high and ninth MOSFET
320 conducts. When LD input 220 goes high, this causes
the gate of eighth MOSFET 310 to go high thus causing
eighth MOSFET 310 to conduct. In this manner, bit
line 100 1s electrically connected to ARRAY Vgg 330.
At this point in time, ARRAY Vgg 330 is at ground.

Seventh MOSFET 300 1s a very weakly conducting
device, much more weakly conducting than false load-
ing prevention means 60. Now, since fourth MOSFET
210 1s biased to conduct, the voltage trapped on bit line
100 is felt at the input of first inverter 280. This trapped
voltage is high enough to cause first inverter 280 to trip
over and output a low. This causes a low input at sec-
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ond inverter 290, which therefore outputs a high that 1s
felt at the input of first inverter 280. However, this high
output at second inverter 290 1s only temporary. False
loading prevention means 60 provides a path (through
eighth MOSFET 310 and ninth MOSFET 320) to dis-
charge capacitor 200. Since seventh MOSFET 300 1s
much more weakly conducting than false loading pre-
vention means 60, the mput of first inverter 280 will be
brought low and the output of first inverter 280 will
therefore go high. In this manner, the input to second
inverter 290 1s brought high and the output of second
inverter 290 will be returned to low, and therefore the
output of flip-flop means 30 returns to low as desired.

Thus an apparatus for page mode programming of an
EEPROM memory cell device with false loading pro-
tection has been disclosed. Although the preferred em-
bodiment discloses a means of constructing the appara-
tus using N-channel technology, it would be obvious to
one skilled in the art that CMOS or P-channel technol-
ogy could be used as well.

While the foregoing has described 1n detail one em-
bodiment of the present invention, it will be appreciated
that, given the teachings herein, numerous equivalents
and alternatives which do not depart from the present
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invention will be apparent to those skilled in the art, and
those alternatives and equivalents are intended to be
encompassed within the scope of the appended claims.

What 1s claimed is:

1. An apparatus for preventing false loading of infor-
mation into a temporary storage device operative dur-
ing page mode programming of a memory cell array,
wherein said temporary storage device is operatively
connected to a bit line connected to a plurality of mem-
ory cells, including:

a first transistor and a second transistor, said first
transistor having a drain connected to said bit line
and a source connected to a drain of said second
transistor, a source of said second transistor con-
nected to a source of voitage to which said bit hine
is to be discharged, said first transistor having a
gate connected to a signal which renders said first
transistor conductive during a page mode pro-
gramming loading sequence for said memory array
and said second transistor having a gate connected
to a signal which renders said second transistor
conductive when no memory cell associated with

said bit line has been selected for programming.
] * #* x *



	Front Page
	Drawings
	Specification
	Claims

